S2.
Interface between the consolidated particles
Figure S2 | SEM micrographs a and corresponding EDX elemental mapping of b, c Al, d
Gd, e Ni and f Co for the HP2 sample. It reveals that the particle interface and triple interparticle area observed in the HP2 sample are rich in aluminum, whereas gadolinium, nickel and cobalt are not detected in these areas.
S3. Elemental analysis of the hybrid structures
Figure S3 |SEM BSE micrograph of coarse precipitate region in HP2 and the corresponding elemental map (Al = red, Co = green, Ni = blue and Gd = light blue).
SEM and STEM-EDX elemental analysis combined with XRD results were used to identify the phases present in the hot pressed samples produced from the milled powders.
XRD results indicate that the structure of the consolidated samples consists of fcc-Al along with the Al 19 Gd 3 Ni 5 , Al 3 Gd and Al 9 Co 2 intermetallic compounds ( Figure 3a) . As a typical example, the SEM-EDX elemental mapping of coarse region in the HP2 sample was shown in Table S1 . Figure S4 and the volume fractions of the phases in coarse and fine regions are listed in Table 1 , respectively. 
S5. Mechanically bimodal structure
Nanoindentation measurements show that the average hardness of the fine precipitate region is as high as 7.0 GPa, whereas it is about ~5.8 GPa for the coarse precipitate region, as shown in Figure S5 . Figure S6a shows the SEM image on a nanoindentation impression including both fine precipitate region and coarse precipitate region. Obvious pile-up can be found in the coarse precipitate region part ( Figure S6a 
S6. Strengthening mechanism

GB strengthening in NC fcc-Al
If the fcc-Al matrix is coarse grained (CG), a low strength of the composite should be expected. Refining grains to increase the volume fractions of GBs to block dislocation movement is an important strengthening strategy 1 . Here, we successfully synthesized nanograined fcc-Al matrix, breaking through the traditional grain size limit (for fcc Al, in UFG scale) because of the saturation effect in SPD technique. The GB strengthening can be well According to Eq. (S1), the strength versus grain size can be plotted in Figure 5b . Obviously, as decreasing grain size into the nano-scale, the strength increases dramatically, which renders the NC fcc-Al matrix with very high strength.
Size effect in nanometric intermetallics
In order to gain mechanical performance of intermetallic phases, dual-phase alloys such as Al-Al 19 Gd 3 Ni 5 , Al-Al 3 Gd and Al-Al 9 Co 2 alloys with micro-scale phases were produced, and the Vickers indentation as well as nanoindentation were performed. SEM observations of some Vickers indentation impressions are shown in Figure S7 , obvious cracks can be found in micro-scaled intermetallic phases, while no crack was observed in HP2 sample with lots of nano-scaled intermetallics, which is consistent with the observed bending plastic deformation by TEM in this work. This demonstrates the strong size effect on plastic deformation for brittle intermetallics. On the other hand, the hardness values listed in Table S2 indicate that theintemetallic phases also show apparent indentation size effect on strength. Since the decresed deformation volume beneath the indenter as decreasing load, the increased hardness can also be understood by sample size effect on yield strength of materials 3 . It has been found that the relationship between yield stress s y  and sample diameter D for this size-dependent strengthening mechanism can be empirically described by a power law 4 :
where A is a constant, and m is the size-effect exponent. For fcc metals, m varies from 0.6 to 0.9 for different metals 4 . 
Confining effect between NC fcc-Al and nano-sized intermetallics
The strengthening due to the confining effect between NC fcc-Al and nano-sized intermetallics, can be understood from an analysis on the fracture strength under confined stress states. We used a recently developed universal fracture criterion which was proved to be suitable for a variety of materials including MGs, NC, UFG materials and brittle materials like ceramics 5 . The fracture criterion can be written as,
where  and  are shear and normal stress, respectively, 0  is the critical shear fracture stress,  is a material constant and  is an extrinsic parameter related to the testing conditions. At room temperature and quasi-static loading rate,  =1 for tensile type loading  are the maximum and minimum principal stresses, respectively. The confining effect on strength is directly related to the compressive stress states; hence we derived the fracture criterion for compressive type states in the form of principal stresses as, 
